




METALS  TO MODIFY  ITS  HARDNESS  COLOUR  AND  DUCTILITY  FOR  THE 















WORKING  OR  FROM  DIFFERENTIAL  THERMAL  EXPANSION  AND 
CONTRACTION DUE TO TEMPERATURE GRADIENTS ESTABLISHED IN THE 
ARTICLE DURING THE COURSE OF HEATING AND COOLING 	  )N THE 
PRESENCE  OF  A  CORROSIVE  ENVIRONMENT  SUCH  AS  COMMON 
CLEANING PRODUCTS CONTAINING BLEACH AND CHLORINATED WATER 
3## MAY OCCUR WHICH LEADS TO IN SERVICE FAILURE 
3##  IS  THE  LOCALISED  RUPTURE  OF  A METAL  OR  ALLOY  THAT  IS 
UNDER THE COMBINED EFFECTS OF STRESS AND CORROSION AT LEVELS 
WELL  BELOW  WHICH  THEY  WOULD  CAUSE  FAILURE  IF  ACTING 
INDIVIDUALLY  	    $URING  3##  THE METAL  OR  ALLOY  IS  VIRTUALLY 
UNAFFECTED OVER MOST OF ITS SURFACE WHILE ½NE CRACKS PROGRESS 
THROUGH  IT  4HE  IMPORTANT  VARIABLES  AFFECTING  3##  ARE 
TEMPERATURE  SOLUTION  COMPOSITION  METAL  COMPOSITION 







PRODUCE  FAILURE  	  )N  SOME  CASES  HOWEVER  TRANSGRANULAR 
CRACKING MAY  OCCUR  IN  WHICH  THE  ATTACK  TENDS  TO  FOCUS  AT 
IMPERFECTIONS IN THE CRYSTALS
4HE  ENVIRONMENTAL  CORROSIVE  ATTACK  OF  LOW  CARAT  GOLD 
JEWELLERY ARISES FROM CONDITIONS SUCH AS CONTACT WITH A HUMID 
ATMOSPHERE OR WET CONDITIONS SUCH AS PERSPIRATION SEAWATER
OR CHLORINATED WATER 2ECENT  STUDIES HAVE  SHOWN  THAT EVEN 
  CARAT  GOLD  IS  SUBJECT  TO  3##  UNDER  THE  APPROPRIATE 
ENVIRONMENTAL  CONDITIONS  	  4HEREFORE  IT  IS  IMPORTANT  TO 
ENSURE  THAT  THERE  IS  ADEQUATE  RELIEF  OF  INTERNAL  STRESSES  IN 
THE  ALLOY  WHICH  OCCURS  FROM  THE  WORKING  OF  THE  ALLOY 
DURING  MANUFACTURE  4YPICALLY  THESE  STRESSES  ARE  RELIEVED 
BY  ANNEALING  HOWEVER  IN  LOW  CARAT  GOLD  ALLOYS  POINTS  OF 















































THEIR  APPLICATION  -ANY  STUDIES  TO  DATE  HAVE  INDUCED  3## 
USING SLOW STRAIN  RATE TESTS  IN A CORROSIVE ENVIRONMENT WITH 
THE  ALLOY  UNDER  POTENTIAL  CONTROL    	  3UCH  STUDIES  IN 
COMBINATION  WITH  ELECTROCHEMICAL  POLARIZATION  TECHNIQUES 
AND POTENTIOSTATIC ELECTROCHEMICAL NOISE MEASUREMENTS 	 
HAVE GIVEN A FUNDAMENTAL INSIGHT INTO THE MECHANISM OF 3## 
IN  GOLD  ALLOYS  %LECTROCHEMICAL  IMPEDANCE  SPECTROSCOPY  IS 
ANOTHER POWERFUL TECHNIQUE THAT HAS BEEN EMPLOYED TO STUDY 
THE CORROSION OF  ALLOYS USED  IN  JEWELLERY  	 (OWEVER  THE
IMPLEMENTATION OF  THESE EXPERIMENTAL  SETUPS  IS  COSTLY AND 
TIME CONSUMING FROM AN INDUSTRIAL VIEWPOINT 4HEREFORE THE 










ENVIRONMENTS  INVESTIGATED  WERE  FERRIC  CHLORIDE  AND  CUPRIC 
CHLORIDE AND WERE USED AS RECEIVED FROM !LDRICH !LL AQUEOUS




END WITH  THE  SPACING  BETWEEN  THE  HOLES  VARYING  OVER  THE 
RANGE OF  MM 4HE ALLOY WIRES WERE THEN BENT INTO AN 
ARC OF A PREDE½NED HEIGHT OF  MM ABOVE THE BASE OF THE 
PLATE  SO  THAT  THE  WIRES  WOULD  BE  ELASTICALLY  DEFORMED  BUT
WOULD  SPRING BACK WHEN  THE ENDS WERE  REMOVED  FROM THE 
HOLES 3TRESSES WERE IN THE RANGE FROM  TO  -0A 4HE 
PLATE WAS  THEN  IMMERSED  IN  AN  AQUEOUS  CORROSIVE  SOLUTION 
AND  THE  TIME  TO  CRACKING  AT  THE  TOP  OF  THE  ARC  WAS 
MEASURED  
! (ITACHI 3 SCANNING ELECTRON MICROSCOPE WAS USED
FOR  3%- MICROSTRUCTURE  OBSERVATIONS  4HE  6ICKERS  HARDNESS 
WAS MEASURED USING A HARDNESS METER WITH A LOAD OF  +G 





WAS  SIMPLY  INSERTED BETWEEN  TWO HOLES  IN  A  0ERSPEX PLATE 
4HE STRESS 3	 DEPENDS ON THE DISTANCE BETWEEN THE HOLES ,	 




NO !U !G #U :N 4REATMENT 6ICKERS (ARDNESS 
(6	
     0ART DRAWN ANNEALED AT # AIR COOLED 
TO # AND WATER QUENCHED 
     0ART DRAWN ANNEALED AT # AIR COOLED 
TO # AND WATER QUENCHED 
     0ART DRAWN ANNEALED AT # AIR COOLED 
TO # AND WATER QUENCHED 
     (ARD DRAWN ¯ NOT ANNEALED 














4HE MAGNITUDE  OF  THE  STRESS  GENERATED  WAS  CALCULATED  BY 
APPLYING ELASTIC BEAM THEORY TO THE RELEVANT DIMENSIONS OF 















BE  CONSIDERED 'IVEN  THAT MECHANICAL  TEST  VALUES  FOR  %  ARE




WOULD  BE  ADDITIVE  TO  THE  APPLIED  STRESS  HOWEVER  THE WIRE 
SAMPLES USED IN THIS STUDY ARE QUITE THIN AND IT  IS THEREFORE

















GIVEN  THE  6 DIFFERENCE  IN  STANDARD  REDUCTION POTENTIALS 
  	  3UBSEQUENTLY  CRACK  PROPAGATION  OCCURS  WHICH 
CONTINUES UNDER THE APPLIED STRESS WHICH EXPOSES FRESH METAL
SURFACE  TO  THE  CORROSIVE  MEDIUM  #RACKS  MAY  THEN  FOLLOW 
GRAIN BOUNDARIES WHICH ARE HIGHER ENERGY REGIONS RESULTING 
IN INTERGRANULAR 3## OR ACROSS GRAINS RESULTING IN TRANSGRANULAR 
3##  4HE  CROSS  SECTIONAL  AREA  OF  THE  WIRE  IS  THEN  REDUCED
AND  THE  ½NAL  CRACKING  FAILURE  RESULTS  ENTIRELY  FROM 
MECHANICAL ACTION
)LLUSTRATED  IN  4ABLE    ARE  THE  TIMES  TO  FAILURE  FOR  EACH 
SAMPLE 4HE FAILURE MECHANISM IS TYPICAL OF INTERGRANULAR 3## 
FOR SAMPLES    AND  AS DEMONSTRATED IN &IGURE  WHICH 
SHOWS  REPRESENTATIVE  3%-  IMAGES  OBTAINED  OF  FRACTURED 
SURFACES OF  3AMPLES   AND   4HE  FRACTURE  SURFACE  SHOWED 
3TRESS -0A	 3AMPLE  3AMPLE  3AMPLE  3AMPLE  3AMPLE 
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TYPICAL  INTERGRANULAR  CRACKS  WHERE  THE  POLYHEDRAL  GRAINS 
WITHIN  THE  ALLOY  CAN  BE  SEEN  CLEARLY  )NTERGRANULAR  3##  HAS 
BEEN  OBSERVED  PREVIOUSLY  FOR  MANY  TYPES  OF  !U!G  BASED
ALLOYS            	  %VIDENCE  OF  AN  ELECTROCHEMICAL 
PROCESS IS SEEN IN &IGURE B WHICH SHOWS A FRACTURE SURFACE 
FOR SAMPLE  4HERE ARE PINHOLES DISTRIBUTED OVER THE SURFACE 
WHICH  ARE  INDICATIVE  OF  A  PREFERENTIAL  DISSOLUTION  PROCESS 
3UCH A PHENOMENON WAS OBSERVED IN ALL THE ABOVE SAMPLES 
4HERE IS ALSO EVIDENCE OF A PRECIPITATION PRODUCT IN THE FORM 
OF NEEDLES  &IGURE D	 WHICH MAY BE COPPER  )T  IS ASSUMED 
THESE NEEDLES ARE METALLIC OR CONDUCTING IN NATURE AS THEY DO 
NOT  CHARGE  DURING  3%-  IMAGING  !NY  DISSOLVED  COPPER 
INDUCED IN THE PRESENCE OF &E#L IN SOLUTION HAS THE POTENTIAL 
TO OXIDISE :N AT OPEN CIRCUIT POTENTIAL 3UCH A REACTION WOULD 





COOLING  AND  SUBSEQUENT WATER  QUENCHING  DOES  NOT  INHIBIT 
3## MORE THAN A SINGLE ANNEALING STEP FOLLOWED BY QUENCHING 
!LSO  THE  SAMPLE  WHICH  WAS  HARD  DRAWN  AND  NOT  ANNEALED 
3AMPLE 	 DEMONSTRATED THE HIGHEST RESISTANCE TO 3## UNDER 




&IGURE    THAT  EACH  OF  THE  ALLOYS  BEHAVED  SIGNI½CANTLY 
DIFFERENTLY UNDER STRESS &OR SAMPLES   AND  OF THE SAME 
COMPOSITION  THE  TIME  TO  FAILURE  GRADUALLY  DECREASED WHEN 
THE  STRESS APPLIED  TO  THE  SAMPLE WAS  INCREASED 3AMPLES  
AND  DO NOT DEMONSTRATE SUCH A STRONG TREND AND MAY BE 






SAMPLE    AS  AN  EXAMPLE  WHICH  HAS  THE  HIGHEST  COPPER 
CONTENT SUCH A CONSIDERATION WOULD RESULT IN AN  INCREASE
IN % VALUE AND APPLIED STRESS IN COMPARISON TO SAMPLES   
AND    (OWEVER  SOME  OF  THE  ANOMALOUSLY  SHORT  TIMES  TO 
FAILURE UNDER CERTAIN APPLIED STRESSES CANNOT BE ACCOUNTED 
FOR BY SUCH AN INCREASE IN THE APPLIED STRESS )N HETEROGENEOUS 
ALLOYS  THE  COMPONENTS  OF  THE  SAMPLE  ARE  NOT  COMPLETELY 
SOLUBLE IN ONE ANOTHER AND EXIST IN SEPARATE PHASES 4HEREFORE 
THERE  EXISTS  THE  POSSIBILITY  THAT  SIGNI½CANT  DIFFERENCES  IN 
COMPOSITION AND DISTRIBUTION OF ELEMENTS IN THE ALLOY MAY BE 

















































OF  THE    APPLIED  STRESSES  )T  IS  DIF½CULT  TO  DRAW  A  DIRECT 
CONCLUSION FROM THIS DATA GIVEN THE DIFFERENCE IN % VALUES FOR 
EACH  ALLOY  AS  MENTIONED  PREVIOUSLY  (OWEVER  IT  IS 
INTERESTING TO COMPARE SAMPLES  AND  WHICH HAVE ESSENTIALLY 
THE SAME AMOUNT OF GOLD AND SILVER BUT DIFFER CONSIDERABLY 




REPORTED  THAT  INCREASING  THE  ZINC  CONTENT  OF  !U!G#U:N 
TERNARY  ALLOYS  CAN  LEAD  TO  GREATER  RISK  OF  3##  !T  LOW  ZINC 
CONTENTS LIKE THAT PRESENT IN SAMPLE  THE ALLOY TENDS TO BE 




CORRELATION BETWEEN HARDNESS AND  TIME  TO  FAILURE  FOR  THESE 
ALLOYS AS  IT  IS DIF½CULT  TO CORRELATE HARDNESS VALUES BETWEEN 
SAMPLES  OF  DIFFERENT  COMPOSITION  THAT  HAVE  BEEN  TREATED 
DIFFERENTLY (OWEVER IT CAN BE CONCLUDED THAT SAMPLE  WHICH 
HAS  THE HIGHEST MEASURED HARDNESS   (6	  SHOWS A 
MARKED IMPROVEMENT IN 3## RESISTANCE )LLUSTRATED IN &IGURE  
IS A 3%- IMAGE OF THE FRACTURE SURFACE )T CAN BE SEEN THAT THE
MORPHOLOGY OF  THIS  SURFACE  IS  SIGNI½CANTLY  DIFFERENT  TO  THAT 
OBSERVED FOR ALL OTHER SAMPLES &IGURE 	 4HE SURFACE IS ROUGH 
AND  IRREGULAR  AND CONSISTS OF MANY  VOIDS  AND DIMPLES  )T  IS 
TYPICAL OF A DUCTILE FRACTURE SURFACE AS OBSERVED PREVIOUSLY FOR 
 CARAT GOLD ALLOYS  !U !G #U AND #D	  SUBJECTED  TO  SLOW 
STRAIN RATE TESTS IN AIR 	 4HIS SUGGESTS THAT THIS ALLOY MAY BE 
IN A DIFFERENT PHYSICAL STATE TO THAT SEEN FOR SAMPLES  AND  
OF  THE  SAME  COMPOSITION  4HE  DISTRIBUTION  OF  REACTIVE 
COMPONENTS IN THE ALLOY IN PARTICULAR ZINC AND COPPER MAY 
HAVE MORE  IMPORTANCE  THAN  THE ACTUAL COMPOSITION OF  THE
ALLOY  )T WAS  PREVIOUSLY  DEMONSTRATED  THAT  PRODUCTION  OF   
CARAT GOLD ALLOY RESULTED IN A LARGE DEGREE OF SEGREGATION OF 
ZINC AND COPPER AT THE GRAIN BOUNDARIES WHICH WAS EXTREMELY 

















AS  A  CORROSIVE  SOLUTION  TO  INVESTIGATE  3##  IN  THESE  ALLOYS 
3AMPLES    SHOWED  A  DECREASE  IN  FAILURE  TIME  UNDER  THE 
SAME  APPLIED  STRESS  WHEN  COMPARED  TO  AN  EQUIVALENT 












MOST PRONE TO 3## !  FUTURE STUDY  IN  THIS AREA  IS  TO OBTAIN
ACCURATE % VALUES FOR ALLOYS OF DIFFERENT COMPOSITIONS TO ALLOW 
FOR MORE DIRECT COMPARISONS AND ALSO TO RELATE THE TIME TO 
FAILURE  OF  GOLD  JEWELLERY  IN      &E#L TO  FAILURE  UNDER
CONDITIONS IN WHICH JEWELLERY IS EXPOSED IN NORMAL WEAR SUCH 








!  FACILE  CHEMICAL  ROUTE  TO  STUDY 3##  IN   CARAT GOLD ALLOYS 
TYPICALLY USED IN THE JEWELLERY INDUSTRY HAS BEEN DEVELOPED
4HE  SIMPLE  EXPERIMENTAL  SETUP  CONSISTS  OF  A  0ERSPEX  PLATE 
WITH PREDE½NED HOLES INTO WHICH A LENGTH OF ALLOY IN THE FORM 
OF A WIRE  IS PLACED 4HE STRESS APPLIED TO  THE ALLOY WHICH  IS
DEPENDENT  OF  THE  LENGTH  OF  WIRE  AND  HOLE  SPACING  IN  THE 
0ERSPEX PLATE CAN BE READILY CALCULATED 3IMPLE IMMERSION OF 
THIS  APPARATUS  INTO A  CORROSIVE  SOLUTION  SUCH AS   &E#L
INDUCES 3## AND ½NAL FAILURE IN LESS THAN ½VE MINUTES &ROM
THESE  STUDIES  IT WAS CONCLUDED  THAT A  TWO  STAGE ANNEALING 
PROCEDURE DID NOT SIGNI½CANTLY IMPROVE THE RESISTANCE OF THE 
ALLOY TO 3## OVER A ONE STEP PROCESS AND THAT HARDNESS IS NOT
A  RELIABLE  INDICATOR  OF  3##  SENSITIVITY  4HIS  IS  A  SIMPLE  BUT 
ELEGANT METHOD FOR MEASURING THE EFFECT OF AN APPLIED STRESS 
ON  THE  3##  OF  LOW  CARAT  GOLD  ALLOYS  AND  HAS  VALUE  IN 
DETERMINING  THE  EFFECT  OF  SAMPLE  TREATMENT  AND  VARIABLES 
SUCH  AS  STRUCTURAL  DEFECTS  ON  GOLD  ALLOYS  OF  THE  SAME 
COMPOSITION  4HE  USE  OF  SUCH  A  RAPID  AND  FACILE  SCREENING 
PROCEDURE AT THE PRODUCTION STAGE MAY READILY IDENTIFY ALLOY 
TREATMENTS THAT PRODUCE JEWELLERY THAT WILL BE SUSCEPTIBLE TO 
3## IN ITS LIFETIME
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